Increased mortality has been observed in association with elevated concentrations ofair pollutants in European cities and in the United States. We reassessed the effects of particulate matter in Central Europe. Mortality and air pollution data were obtained for a highly polluted region ofthe Czech Republic and a rural region in Germany. Poisson regression anabses were conducted considering trend, season, meteorology, and influenza epidemics as confounders in both a parametric and a nonparametric approach. The Czech Republic had a 3.8% increase in mortality [95% confidence interval (CI), 0.8-6.9%] in association with 100 pg/m3 total suspended partides (TSP) (lagged 2 days) for the time period 1982-1994. During the last 2 years of study, 68% of the TSP consisted of particulate matter . 10 pm in aerodynamic diameter (PM10). An increase of 100 pg/m3 TSP (lagged 1 day) was associated with a 9.5% increase in mortality (CI, 1.2-18.5%) and 100 p/m3 PM1o (lagged 1 day) showed a 9.8% increase in mortality (CI, (ICD-9) ; World Health Organization, Geneva; code < 800], mortality caused by cardiovascular diseases (ICD-9 code 390-459), respiratory diseases (ICD-9 code 460-519), and cancer (ICD-9 code 140-239). For the Bavarian region only daily counts of all-cause mortality (ICD-9 code < 800) and mortality caused by cardiovascular diseases (ICD-9 code 390-459) were released from the local authorities.
no evidence for an association between mortality and particulate matter in the rural area in Germany at the Czech border. Data from the coal basin in the Czech Republic suggested an increase in mortality associated with the concentration of particulate matter in a highly polluted setting in Central Europe that is consistent with the associations observed in other western European cities and in the United States. Key words: air pollution, epidemiology, mortality, particulate pollution, sulfur dioxide. Environ Health Perspect 108: 283-287 (2000) . [Online 14 February 2000] httpy//eepnetl.niehs.nih.gov/docs/2000/108p283-287peters/abstract.htm1l
Acute exposure to particulate air pollution has been associated with adverse health effects (1) (2) (3) . In particular, increases in mortality have been observed in association with particulate matter. Associations between mortality and air pollution were studied in 12 locations in 9 European countries as part of the Air Pollution and Health -a European Approach (APHEA) project (4) . The study periods ranged from the mid-1970s to the end of the 1980s, when sulfur dioxide concentrations and total suspended particles (TSP) were still relatively high in Europe. The study confirmed the association between air pollution and mortality in combined analyses (5) . Surprisingly, stronger associations between air pollutants and mortality were observed in the western European cities than in the eastern European cities, where local air pollution standards were frequently exceeded in the 1980s (5) .
This paper reports data from a highly polluted area in the Czech Republic and a rural area in Germany during the time period [1982] [1983] [1984] [1985] [1986] [1987] [1988] [1989] [1990] [1991] [1992] [1993] [1994] . We 1983, 1986, 1987, 1989, 1991, 1992 , and 1994. Unfortunately no data on influenza epidemics were available for the Bavarian study region during the study period. We attempted to use the data from the Czech Republic, the former German Democratic Republic (GDR), and The Netherlands, but they revealed large temporal differences between the putative influenza epidemics, probably caused by the restrictions on travel during the Cold War era.
Data analyses. We first applied the APHEA methodology (7). We calculated Poisson regression models approximated by logistic regression analyses and assessed an overall trend with a cubic function. We (Figure 1 ). SO2 concentrations repeatedly exceeded 500 pg/m3, but concentrations were on average higher in the coal basin than in northeast Bavaria ( Table 2) . Concentrations of SO2 and TSP decreased during the study period (Figure 1 ). Carbon monoxide concentrations decreased over time and nitric oxide concentrations remained the same in the rural area in Germany (data not shown).
For the coal basin, NO2, PM1O, and PM2.5 measurements were performed during the last 2 years of the study (1993) (1994) (Table  3) . Whereas both NO2 and CO were moderately correlated with SO2 and TSP in Bavaria, NO2 was highly correlated with SO2 and TSP in the coal basin (Table 3) .
PMIO and PM2 5 were highly correlated (r = 0.98) with each other and with TSP (Table 3) . Regression analyses of daily mortality counts showed a general downward trend of 0.4%/year in Bavaria and 0.2%/year in the coal basin. Sine and cosine functions showed the maximal mortality in February and the minimal mortality in August. Cold temperature (daily averages < 10°C) on the preceding days was associated with an increase in mortality in both locations. Evidence were seen with a lag of 1 week. An influenza epidemic was defined as > 10,000 acute respiratory events/week in the five districts and was associated with a 21.5% increase in allcause mortality (CI, 15.9-27.4%).
There was an association between the logarithm of TSP and all-cause mortality for the coal basin, when TSP concentrations were lagged 1 or 2 days (Table 4) . Nonparametric smooths also were consistent, with a logarithmic transformation of the TSP concentrations (Figure 2 ). SO2 showed lightly weaker associations (Table 4) . Estimates for 2-day lags were statistically significant for both TSP and SO2. Joint analyses of TSP and SO2 in one model showed an increased risk of 3.3% in association with 100 pg/m3 TSP (CI, -0.5-7.2%) and a risk of 1.0% in association with 100 pg/m3 SO2 (CI, -3.0-5.2%). (Table 5 ). However, we observed associations between cancer mortality and TSP.
We did not observe associations between elevated levels of TSP or SO2 and the allcause mortality in the Bavarian study region (Table 6 ). In addition, we found no evidence that associations with a lag of > 3 days Table 4 . Associations between mortality and the logarithm of air pollutants for the coal basin in the Czech Republic. was present. The linearity assessment of the associations confirmed a linear but weak association for all pollutants; neither the nonlinear nor the linear terms of the locally weighted least squares estimator achieved statistical significance. Increases in CO on the previous day were associated with an increase in all-cause mortality.
Discussion
In the coal basin there was an increase in mortality in association with elevated levels of TSP lagged 2 days. Analyses using the PMIO and PM2.5 data, which were available during the last 2 years of the study, confirmed the association between particulate matter and mortality. In January 1993, a major air pollution episode occurred (6) that might explain the stronger associations for TSP observed during the last 2 years of study as compared to the entire study period. A logarithmic transformation fit better than a linear parameterization of the particle concentrations, indicating that less consistent effects were observed at TSP concentrations > 400 pg/m3. At Figure 2 . Nonparametric smooth for the association between all-cause mortality and TSP (lagged between all-cause mortality and black smoke in two of the four cities in Poland (12) . A combined analysis estimated an increase of 0.6%, which was statistically significant for 50 pg/m3 black smoke (5). The increase was substantially smaller than the 3.2% combined effect of 50 pg/m3 black smoke in the western cities. A recent meta-analysis estimated an 0.8% increase associated with 10 pg/m3 PM10 (13) . To compare the results, the black smoke could be considered equal to PM1O (13) . Therefore, the results for the coal basin seem to be comparable to the APHEA results (we estimated that an increase from 10 to 60 pg/m3 pM10 was associated with a 3.7% increase in mortality) and the recent meta-analyses (we estimated that an increase from 20 to 30 pg/m3
PM1O was associated with a 0.8% increase in mortality).
The strongest association in the coal basin was observed between mortality caused by cancer and TSP. Other causes of death such as respiratory or cardiovascular diseases, which were associated with exposure to ambient particles in previous studies (1) (14) , and in the Six Cities Study (15) . In addition, a consistent association has been observed between hospital admissions for pneumonia and PMIO in five cities in the United States (16) . Therefore, the association between cancer mortality and air pollution might reflect the exacerbation of a chronic disease by air pollution.
No association was observed between elevated concentrations of SO2 or TSP and mortality in the rural Bavarian study region, although the air pollution concentrations were not low during the mid-1980s and the five stations showed a high correlation between each other throughout the study period. There is a possibility that none of the pollutants might be a good indicator for fine 
